Cardiac conduction defects decrease life expectancy in myotonic dystrophy type 1 (DM1), a complex toxic CTG repeat disorder involving misbalance between two RNAbinding factors, MBNL1 and CELF1. How this pathogenic DM1 condition translates into cardiac conduction disorders remains unknown. Here, we simulated MBNL1 and CELF1 misbalance in the Drosophila heart and identified associated gene deregulations using transcriptional profiling of cardiac cells. We detected increased transcript levels of straightjacket/α2δ3 that encodes a regulatory subunit of a voltage-gated calcium channel.
INTRODUCTION
Myotonic Dystrophy type 1 (DM1), the most prevalent muscular dystrophy found in adults [1] , is caused by a CTG triplet repeat expansion in the 3' untranslated region of the dystrophia myotonica protein kinase (dmpk) gene. Transcripts of the mutated dmpk, containing expanded CUGs, form hairpin-like secondary structures in the nuclei, and sequester RNA-binding proteins with affinity to CUG-rich sequences. Among them, Muscleblind-like 1 (MBNL1) protein is trapped within the repeats, forming nuclear foci aggregates that hallmark the disease [2, 3] . In parallel, the CUGBP-and ELAV-like family member 1 (CELF1) gets stabilized [4] , creating misbalance between MBNL1 and CELF1.
This leads to missplicing of several transcripts and a general shift from adult to fetal isoforms [5] [6] [7] . In addition, repeat toxicity induces a range of splice-independent alterations including affected transcript stability [8] . There is thus a combination of splice-dependent and spliceindependent events underlying DM1 pathogenesis. DM1 targets mainly skeletal muscles and the heart, with about 80% of DM1 patients showing altered heart function with arrhythmia and conduction disturbance, which can eventually give rise to heart block and sudden death [9] [10] [11] . Consequently, cardiac symptoms, and particularly conduction defects, contribute to decreased life expectancy in DM1 [12] .
To gain insight into mechanisms underlying cardiac dysfunction in DM1, we used Drosophila DM1 models, we had previously described [13] . The heart of the fruit fly, even if simple in structure, nevertheless displays just like the human heart, pacemaker-regulated rhythmic beating involving functions of conserved ion channels [14, 15] . We simulated pathogenic MBNL1/CELF1 misbalance specifically in the fly heart by attenuating the Drosophila MBNL1 ortholog Muscleblind (Mbl) and by overexpressing the CELF1 counterpart Bruno-3 (Bru-3) [16] . This led to asynchronous heartbeat (anterior and posterior heartbeats at a different rate) that in Drosophila could result from partial conduction block [17] . By using these two fly DM1 models, we hoped to identify molecular players involved in DM1-associated conduction and heart rhythm defects. In order to identify deregulated genes underlying this pathological condition, we applied a heart-targeted TU-tagging approach [18] followed by RNA sequencing. This cardiac cell-specific genome-wide approach yielded a discrete number of evolutionarily conserved candidate genes with altered cardiac expression in both DM1 models used. Among them, we found increased transcripts levels of straightjacket (stj)/CACNA2D3 (α2δ3), which encodes a major regulatory subunit of Ca-α1D/Ca v 1.2 voltage-gated calcium channels, and is a key regulator of calcium current density that triggers cardiac contraction [19] [20] [21] [22] . The role of stj transcript level in proper conduction is supported by cardiac-specific overexpression of stj that leads to asynchronous heartbeat.
Conversely, attenuating its expression by cardiac-specific knockdown in both DM1 fly heart models reverses cardiac asynchrony. Our hypothesis that stj is a possible mediator of the cardiac DM1-associated pathology is supported by our finding that ventricular α2δ3 expression level is low in healthy mouse and human hearts, but is significantly increased in DM1 patients with cardiac conduction defects. This indicates that lowering α2δ3 in ventricular cardiomyocytes could offer a potential treatment strategy for DM1-associated conduction defects.
RESULTS AND DISCUSSION

Imbalance of MBNL1 and CELF1 counterparts in the Drosophila heart results in asynchronous heartbeat
To mimic the DM1-associated imbalance between the RNA binding factors MBNL1 and CELF1 in Drosophila, we either knocked down the MBNL1 ortholog, Mbl, or overexpressed the CELF1 counterpart, Bru-3. We used the GAL4/UAS system with a cardiacspecific Gal4 driver line, Hand-Gal4 to target UAS-driven transgene expression in the adult heart ( Fig. 1A) . We found that the UAS-MblRNAi line efficiently attenuates Mbl expression, whereas UAS-Bru-3 generates Bru-3 overexpression in GAL4-expressing cardiac cells ( Fig.   S1 ), both leading to asynchronous heartbeats, that could result from impulse propagation/conduction disturbance [17] . Moreover, the Hand-Gal4 driven attenuation of Mbl and overexpression of Bru-3, both appear to be homogenous along the heart tube ( Fig. S1) .
First, we assessed Mbl and Bru-3 expression patterns in the adult fly and found that both proteins are present in the heart cells including contractile cardiomyocytes, and localize predominantly but not exclusively to the nuclei (Fig. S1) . We then assessed the cardiac function in flies with attenuated Mbl or with Bru-3 overexpression. To this end, we used the Semi-automated Optical Heartbeat Analysis (SOHA) method, which consists in filming the adult beating heart from hemi-dissected flies in order to analyze the contractile and rhythmic heart parameters [14, 23] . In addition to frequently observed arrhythmia (e.g. Fig. 1C , A4 Mmodes), about 58% of Hand>MblRNAi and 25% of Hand>Bru-3 flies displayed asynchronous heartbeat, meaning the anterior and posterior heart segments had different beat rates ( Fig. 1B,C) . The fact that reduction of heartbeat rate always follows impulse propagation direction supports the view that heart asynchrony is due to conduction defects [17] , suggesting that, like in DM1 patients, an imbalance between MBNL1 and CELF1 in flies could also lead to conduction disturbances. In some cases, asynchronous heartbeat could result in total heart block when at least one heart segment stops contracting. Indeed, about 3% of Hand>MblRNAi and 10% of Hand-Bru-3 flies developed a total heart block here (Fig.   1C ).
Taken together, these data revealed that the imbalance of Mbl/MBNL1 and Bru-3/CELF1 in the heart leads to disruption of heart synchrony in flies, likely due to impulse propagation/conduction defects [17] . This prompted us to perform transcriptional profiling of Hand>MblRNAi and Hand>Bru-3 in cardiac cells to identify misregulated gene expression underlying this phenotype.
Transcriptional profiling of DM1 Drosophila models with heart asynchrony revealed increased levels of straightjacket/α2δ3, a conserved regulator of Ca 2+ inward current Transcriptional profiling of cardiac cells from Hand>MblRNAi and Hand>Bru-3 flies was performed using a cell-specific approach called TU-tagging [18] , followed by RNA-seq.
This method allows tissue-specific RNA isolation by expressing uracil phosphoribosyltransferase (UPRT) enzyme in a cell-specific manner and incorporation into neo-synthesized transcripts of a modified Uracil, i.e. 4TU. Here, Hand-GAL4-driven UPRT expression in cardiac cells allowed us to isolate transcripts from adult heart cells only ( Fig.   S2A ) and combining UAS-UPRT with UAS-MblRNAi and UAS-Bru-3 lines to perform TUtagging in our DM1 contexts ( Fig. S2A , TU-tagging pipeline). Comparison of RNA-seq data from input RNA fraction and heart-specific TU-fraction from control Hand>LacZ;UPRT flies was used to assess suitability of TU-tagging in heart cells, which are in low abundance. We found that transcript levels of cardiac-specific genes such as Hand and Tin were highly enriched in the cardiac-tagged TU-fractions, whereas the transcript level of Npc1b and Obp19b genes expressed in midgut [24] and gustatory cells [25] , respectively, were depleted ( Fig. S2A , volcano graph and RNAseq tracks). Thus, the TU-tagging method turned out to be well suited for transcriptional profiling of adult Drosophila cardiac cells allowing to identify both global gene deregulations (analyzed here) as well as isoform-specific differential gene expression (representing a parallel study). To select candidates with a potential role in conduction disturbance, we focused on a pool of genes commonly deregulated in Hand>MblRNAi and in Hand>Bru-3 contexts ( Fig. 2A , Venn diagram). This pools counts 118 genes, including 64 conserved in humans (Table S1 and Fig. 2A , heatmap), for which gene interaction network analysis ( Fig. 2A , Genemania network) identified 4 candidates involved in the regulation of cellular Ca 2+ level and known to be essential for proper cardiac conduction [26] , i.e. inactivation no afterpotential D (inaD), syntrophin-like 1 (syn1), Rad, Gem/Kir family member 2 (Rgk2) and straightjacket (stj). Their respective human orthologs are FRMPD2, SNTA1, REM1 and CACNA2D3/α2δ3. inaD/FRMPD2 and syn1/SNTA1 encode scaffolding PDZ domain proteins with regulatory functions on TRP Ca 2+ channels [27, 28] whose mutations cause cardiac hypertrophy, arrhythmia, and heart block [29] .
Moreover, InaD was reported to prevent depletion of ER calcium store by inhibiting Ca 2+ release-activated Ca 2+ (CRAC) channels [30] . Rgk2/REM1 belongs to the Ras superfamily of small GTP-binding proteins [31] . Rgk proteins, including Rgk2, interact with the α or βsubunit of Ca V 1.2 calcium channel and negatively regulate its function [31, 32] . However, by interacting with CaMKII and with Rho kinase, both involved in cardiac hypertrophy and heart block Rgk proteins could also influence heartbeat in a Cav1.2 independent way. Finally, stj/α2δ3 encodes auxiliary subunit of this same Ca V 1.2 channel, and is known to positively regulate this channel's abundance and consequently affects Ca 2+ inward current [20] . Ca V 1.2 mutations are known to lead to diverse heartbeat dysfunctions [33] , and Ca V 1.2 deregulation is associated with DM1 [34] . Importantly, the Drosophila counterpart of Cav1.2 (Ca-1αD) is also ensuring cardiac contractions and calcium transients in the fly heart [35] suggesting a conserved role of Cav1.2/ Ca-1αD in heart beating. Since mutations in α2δ4, and its paralog α2δ3, are associated with familial atrial fibrillation [36] and because α2δ3 positively regulates Cav1.2 involved in DM1 [20, 34] , we wondered if altering expression of stj/α2δ3 could contribute to DM1 cardiac defects. This was supported by the finding that stj transcript levels are significantly increased in both Hand>MblRNAi and in Hand>Bru-3 contexts ( Fig. 2B, RNA-seq tracks), whereas expression of two other Drosophila α2δ genes (CG42817 and CG16868) remains unchanged ( Fig. S2B) . One potential mechanism of observed stj transcript elevation is the regulation of stj stability, a possibility supported by a selective increase of stj-B and stj-C isoforms carrying consensus Bru-3 and Mbl binding sites within their 3'UTRs region ( Fig. 2B ) and by the RIP experiment from dissected Hand>Bru-3 hearts revealing that Bru-3 binds to this region ( Fig. 2C) . Similar to α2δ gene functions previously described [19] , the higher stj level observed in our models could lead to increased Ca 2+ inward current, thus affecting heartbeat heart parameters. Considering the high conservation of functional motifs and overall protein structure between human α2δ3 and Drosophila Stj ( Fig. 2D) , we hypothesize that the human α2δ3 could hold a similar function.
Increased cardiac expression of stj/α2δ3 leads to asynchronous heartbeats in flies and is induced in ventricular cardiomyocytes of DM1 patients with conduction disturbance
To determine the cardiac function of Stj/α2δ3, we first tested whether these proteins indeed accumulate in adult fly and mouse hearts. A weak cytoplasmic Stj signal associated with circular myofibers of cardiomyocytes and a strong signal in the myofibers of ventral longitudinal muscle (VLM) underlying the heart tube [37] was visible in the adult Drosophila heart ( Fig. 3A , also see scheme Fig. 3C ) stained with anti-Stj antibody [38] . In the VLM and in the heart-attaching alary muscles (AM), Stj expression resembled a T-tubule pattern. Like Stj, α2δ3 protein was also detected in the mouse heart ( Fig. 3B) , with high levels accumulating in the atrial cardiomyocytes. α2δ3 expression appeared low in the ventricular cardiomyocytes ( Fig. 3B) , similarly to Stj expression in the analogous fly heart tube cardiomyocytes. This differential α2δ3 expression in atria and ventricles was also seen at transcript levels ( Fig. 3B , RT-qPCR graph). The role of stj/α2δ3 potentially affecting the heartbeat patterns has not yet been investigated, but the fact that in healthy fly hearts and mouse ventricles it is expressed at low levels could have functional significance. To test this hypothesis, we took advantage of the fly model and overexpressed stj in the adult heart using
Hand-Gal4 and in cardiomyocytes only using Tin-Gal4 (Fig. 3E) . When driven with Hand-Gal4 ( Fig. 3E) , about 20% of individuals overexpressing stj displayed conduction defects, and the percentage of flies with asynchronous heartbeat increased to 30% in the Tin>stj context ( Fig. 3E ). This suggests that in flies, a high Stj level in cardiomyocytes creates a risk of conduction disturbance leading in some cases to total heart block ( Fig. 3E , M-modes). We were however unable to test α2δ3 involvement in cardiac conduction defects in mouse models of DM1 because the carrying large repeats number DMSXL mice [39] display only mild cardiac involvement without conduction disturbance.
As revealed by our heart-specific transcriptional profiling ( Fig. 2) , rgk2 involved in Cav1.2/Ca-α1D regulation, could also contribute to heartbeat phenotypes in DM1. Indeed, a large portion of Hand>Rgk2RNAi flies showed total or partial heartbeat arrest (asystole) ( Fig.   S3B ), increased arrhythmia and impaired contractility ( Fig. S3C ) but none developed asynchronous heartbeat ( Fig. S3D) . Consistent with recently reported data [35, 40] , heartbeat parameters have also been affected in Hand>Ca-α1DRNAi flies ( Fig. S3B,C) . Of note, about 18% of Hand>Ca-α1DRNAi flies showed asynchronous heartbeats indicating that to some extent, lowering Ca-α1D could also impact on heart synchrony. This observation prompted us to verify Ca-α1D transcript levels in our Hand>Bru-3 and Hand>MblRNAi cardiac datasets.
Ca-α1D has not been preselected among genes commonly deregulated in both DM1 contexts, however its transcript level appears specifically reduced in Hand>MblRNAi fly hearts compared to control (Hand>lacZ) and to Hand>Bru-3 contexts ( Fig. S3A ), suggesting that this deregulation could contribute to heartbeat defects (including conduction defects) in Hand>MblRNAi flies. Moreover, Ca-α1D has numerous transcript isoforms but does not seem to be a target of Mbl and/or Bru-3 for alternative splice regulation ( Fig. S3A) .
To determine whether our data from the fly model could be relevant for DM1 patients, we used RT-qPCR to test α2δ3 expression in ventricular cardiac muscle tissue from normal controls and from DM1 patients with conduction defects (Fig. 3F) . Ventricular transcript levels of α2δ3 were significantly higher (p=0.03) in DM1 patients with conduction defects, indicating a link between DM1, cardiac α2δ3 transcript regulation and conduction disturbance.
Reducing stj transcript level in the heart partially rescues asynchronous heartbeats in Drosophila DM1 models
To make a link between calcium transient and heart asynchrony, we tested propagation of calcium waves in normal and in asynchronously beating hearts. We applied the GCaMP3 fluorescent calcium sensor that allows detection of calcium waves in vivo [35] . As shown in Fig. 4A , in wild type hearts, calcium waves underlie perfectly cardiac contractions so that each calcium peak aligns with the beginning of contraction along the heart tube (here registered in segments A3 and A4. In contrast, in asynchronously beating Hand>MblRNAi heart ( Fig. 4A) , in the anterior A3 segment, calcium peaks are not always in perfect alignment with contractions and appear not detectable in A4 segment that does not beat. Thus, these data show that calcium waves correlate with cardiac contractions in normal fly hearts and are affected in asynchronously beating hearts making the link between calcium current regulation and DM1-associated conduction defects.
To better assess the role of stj deregulation in pathogenic DM1 contexts, we attempted to correlate Stj protein expression level in Hand>Bru-3, Hand>MblRNAi and Hand>stj fly hearts with the extent of cardiac asynchrony in these contexts. We found that Stj signal in the cardiomyocytes was higher in Hand>stj flies than in Hand>MblRNAi and Hand>Bru-3 flies ( Fig. S4) . However, the percentage of flies displaying conduction defects was higher in the Hand>MblRNAi context than the Hand>stj context (compare Fig. 1B and Fig. 3E ). This thus suggests that Stj is not the sole factor whose deregulation causes asynchronous heartbeat in the Hand>MblRNAi context. To test whether stj is a required mediator of Bru-3overexpression and/or MblRNAi-induced conduction defects, we performed genetic rescue experiments by attenuating stj expression via RNAi in Hand>Bru-3 and Hand>MblRNAi flies ( Fig. 4B) . Intriguingly, lowering stj transcript levels in the heart was sufficient to rescue asynchronous heartbeat in Hand>Bru-3 flies but less so in Hand>MblRNAi flies where rescue was only partial (Fig. 4B) . This suggests that a fine-tuning of Ca 2+ level by stj/α2δ3 but potentially also other calcium regulators may be at work to ensure synchronous heart beating and avoid conduction block. Importantly, as recently reported [40] , Ca-α1D is the main Ca 2+ channel operating in the fly heart and is not only required for cardiac contractions but also regulates propagation of calcium waves. This suggests that Stj-driven potentiation of Ca-α1D channel function could lead to accelerated calcium waves in a portion of the heart inducing asynchronous heartbeats. Thus, even if no specialized conduction system is present in the Drosophila heart, propagation of calcium waves along the cardiac tube is finely regulated to ensure synchronous heartbeats.
Taken together, with evidence based on heart-specific transcriptional profiling of 
MATERIALS AND METHODS
Drosophila stocks
All fly stocks were maintained at 25°C on standard fly food in a 12h:12h light-dark cycling humidified incubator. To generate the DM1 Drosophila models, we used the inducible lines UAS-MblRNAi (v28732, VDRC, Vienna, Austria) and UAS-Bru3 37 (bru-3 d09837 , BDSC, Bloomington, USA) and crossed them with the driver line, Hand-Gal4 [41, 42] 
Optical heartbeat analyses of adult Drosophila hearts
To assess cardiac physiology in adult flies, we used the method previously described [14, 23] .
Briefly, 1-week old flies were anesthetized using FlyNap (# 173025, Carolina) then dissected in artificial hemolymph solution, removing the head, legs, wings, gut, ovaries and fat body.
The hearts were allowed to equilibrate with oxygenation for 15-20 minutes prior to filming 30-second movies with a Hamamatsu camera (Frame rate>100 frames/sec) under a Zeiss microscope (10X magnification). Movie analysis was performed by SOHA (Semi-automatic Optical Heartbeat Analysis) based on using Matlab R2009b (Mathworks, Natick, MA, USA) to collect contractility (diastolic and systolic diameters, fractional shortening) and rhythmicity (heart period, diastolic and systolic intervals and arrhythmicity index) parameters.
RIP with anti-Bru-3 antibody
RIP experiment with anti-Bru-3 antibody or with non-immune rabbit serum as a control was performed on cell lysate from 20 dissected Hand>Bru-3 fly hearts according to previously described protocol [45] . RNA isolated from the immunoprecipitated material was reverse transcribed and used for PCR detection to test for the presence of 3'UTR stj sequences containing potential Bru-3 binding sites. 35 cycles of PCR amplification (95°C 1min, 62°C, 1min and 72°C, 2min) was used with the following pair of primers: F-stj CTTAAACGACTTGCAACCTTC and R-stj GGTTAAACGTACTTCCGATTC
Immunofluorescence on Drosophila heart
Briefly, the fly hearts were dissected as described above and fixed for 15 minutes in 4% formaldehyde. The immunostaining procedure was performed as previously [13] . The 
RNA extraction and RT-qPCR on adult fly heart samples
Total RNA was isolated from about 10-15 hearts from 1-week old flies, using TRIzol reagent (Invitrogen) combined to the Quick-RNA MicroPrep Kit (Zymo Research) following manufacturer's instructions. RNA quality and quantity were respectively assessed using Agilent RNA 6000 Pico kit on Agilent 2100 Bioanalyzer (Agilent Technologies) and Qubit RNA HS assay kit on Qubit 3.0 Fluorometer (Thermo Fischer Scientific). RT-qPCR was performed as previously described [13] , using Rp49 as a reference gene.
Immunofluorescence on murine heart
Mouse hearts were dissected and fixed for 2h in paraformaldehyde (4% in 1X PBS) at 4°C and processed for cryosectioning as described elsewhere [46] . Frozen sections were incubated overnight at 4°C with anti-α2δ3 (1:200) [38] . Fluorescent images were obtained using a Zeiss AxioimagerZ1 with an Apotome module and an AxioCamMRm camera.
RNA extraction and RT-qPCR on murine heart samples
RNA extraction was performed as described elsewhere [39] . Transcripts were amplified in a 7300 real-time PCR system (Applied Biosystems) using Power SybrGreen detection (Life Technologies). Standard curves were established with mouse tissues expressing the tested genes. Samples were quantified in triplicate, and experiments were repeated twice. Cac2d3 transcripts were amplified using forward primer GGGAACCAGATGAGAATGGAGTC and reverse primer TTTGGAGAAGTCGCTGCCTG. Polr2a was used as internal control (forward primer GGCTGTGCGGAAGGCTCTG and reverse primer TGTCCTGGCGGTTGACCC).
RNA extraction and RT-qPCR on DM1 patient cardiomyocytes
Human ventricular cardiac muscle tissues were obtained at autopsy from 5 DM1 patients and 4 normal controls. Total mRNA was extracted and first-strand complementary DNA synthesized using protocols described previously [47] . RT-qPCR was performed using TaqMan Gene Expression assays (Hs01045030_m1 and 4333760F, Applied Biosystems) on an ABI PRISM 7900HT Sequence Detection System (Applied Biosystems), as described previously [48] . Level of CACNA2D3/α2δ3 mRNA was normalized to 18S rRNA.
TU-tagging experiments
The TU-tagging protocol was adapted from previously published studies [18, 49] .
4TU treatment, fly collection, and total RNA extraction
TU-tagging experiments were performed on the following 1-week-old adult flies:
Hand>LacZ;HA-UPRT, Hand>MblRNAi;HA-UPRT and Hand>Bru3;HA-UPRT. Briefly, flies were starved for 6 hours at 25°C and transferred to fresh food media containing 4TU
(Sigma) at 1 mM. After a 12-hour incubation at 29°C, about 30 to 40 flies of the described genotypes were dissected (removing the head, wings, legs, ovaries and gut) in DPBS 1X
(Gibco, Life Technologies), immediately transferred to Eppendorf tubes, and snap-frozen in liquid nitrogen. Total RNA isolation was performed as described above in TRIzol following the manufacturer's instructions (ThermoFischer Scientific).
Purification of TU-tagged RNA
Bio-thio coupling was performed on about 30 µg of total RNA with 1 mg/mL biotin-HPDP (Pierce) for three hours followed by two chloroform purification steps to eliminate the unbound biotin, as previously described [18] . To verify the efficiency of the biotinylation step, a RNA dot blot was performed using streptavidin-HRP antibody. Next, the streptavidin purification step served to collect the thiolated-RNA fraction (cardiac-specific 4TU) and the unbound fraction (non-cardiac RNAs) using a µMACS Streptavidin kit (MACS, Miltenyi Biotec) following the manufacturer's instructions. The purified fraction was precipitated as previously described [18] . RNA quality and quantity were assessed using Bioanalyzer and Qubit systems according to the manufacturer's instructions. RT-qPCR was performed to check for enrichment of cardiac-specific transcripts (Hand and H15) by comparing 4TU fraction relative to input fraction (i.e. the biotinylated fraction containing cardiac and noncardiac RNAs), with Rp49 gene used as reference.
RNA sequencing
Library preparation
Library preparation was performed on about 50 ng of cardiac-specific RNA from the previously described conditions, using the Ovation RNA-Seq Systems 1-16 for Model 
Data analysis
The RNA-sequencing data was checked for good quality using the FastQC package (http://www.bioinformatics.babraham.ac.uk/projects/fastqc/). Each sample was aligned to the reference Dmel genome release 5.49 using Bowtie2 [50] . The aligned reads were sorted and indexed using SAMtools [51] . Pearson correlation was determined for each duplicate of each condition. Differential gene expression was obtained using a pipeline based on the Deseq2 package. Rlog transformation was applied on raw count data obtained for the duplicates of each condition before computing differential expression. Genes were tested individually for differences in expression between conditions. We set a fold-change threshold at 1.7 and pvalue threshold at 0.05 for meaningful differential up-expression, and fold-change threshold at 0.59 and p-value threshold at 0.05 for meaningful differential down-expression.
In vivo calcium transient analyses
We 
Statistical analyses and access to RNAseq data
All statistical analyses were performed using GraphPad Prism v5.02 software (GraphPad Inc, USA. All RNAseq data reported here has been deposited with the GEO-NCBI tracking system under accession number #18843071. Supplemental information FBgn0031169  ABCA3  2  moderate  Yes  CG15117  FBgn0034417  GUSB  12  high  Yes  CG16713  FBgn0031560  WFIKKN1  2  high  Yes  CG16713  FBgn0031560  WFIKKN2  2  high  Yes  CG16713 FBgn0031560 EPPIN-WFDC6  2  moderate  Yes  CG16965  FBgn0032387  PGGHG  10  high  Yes  CG18135  FBgn0036837  GPCPD1  7  moderate  Yes  CG2053  FBgn0039887  CNOT9  3  moderate  Yes  CG30281  FBgn0050281  FIBCD1  4  moderate  Yes  CG30281  FBgn0050281  ANGPTL3  3  moderate  No  CG30281  FBgn0050281  ANGPT4  3  moderate  No  CG30281  FBgn0050281  FGA  3  moderate  No  CG30281  FBgn0050281  ANGPT1  3  low  No  CG30281  FBgn0050281  ANGPT2  3  moderate  No  CG30281  FBgn0050281  FGL2  3  moderate  No  CG30281  FBgn0050281  FCN3  3  low  No  CG30281  FBgn0050281  FCN2  3  low  No  CG30281  FBgn0050281  MFAP4  2  moderate  No  CG30281  FBgn0050281  FCN1  2  low  No  CG30281  FBgn0050281  TNR  2  low  No  CG30281  FBgn0050281  ANGPTL5  2  low  No  CG30281  FBgn0050281  ANGPTL1  2  moderate  No  CG30281  FBgn0050281  TNXB  2  low  No  CG30281  FBgn0050281  FGG  2  low  No  CG30281  FBgn0050281  TNC  2  low  No  CG30281  FBgn0050281  ANGPTL4  2  low  No  CG30281  FBgn0050281  ANGPTL2  2  low  No  CG30281  FBgn0050281  FGB  2  low  No  CG30281  FBgn0050281  TNN  2  low  No  CG30281  FBgn0050281  ANGPTL6  2  low  No  CG30281  FBgn0050281  ANGPTL7  2  low  No  CG30281  FBgn0050281  FGL1  2  low  No  CG30438  FBgn0050438  UGT8  8  high  Yes  CG30438  FBgn0050438  UGT2B10  4  moderate  No  CG30438  FBgn0050438  UGT2B28  3  low  No  CG30438  FBgn0050438  UGT1A3  3  low  No  CG30438  FBgn0050438  UGT3A1  3  low  No  CG30438  FBgn0050438  UGT3A2  3  low  No  CG30438  FBgn0050438  UGT2B4  3  low  No  CG30438  FBgn0050438  UGT2B15  3  low  No  CG30438  FBgn0050438  UGT2A2  3  low  No  CG30438  FBgn0050438  UGT2B17  3  low  No  CG30438  FBgn0050438  UGT2B11  3  low  No  CG30438  FBgn0050438  UGT2A3  3  low  No  CG30438  FBgn0050438  UGT2B7  3  low  No  CG30438  FBgn0050438  UGT1A1  2  low  No  CG31229  FBgn0051229  TIMM22  11  high  Yes  CG31286  FBgn0051286  GLIPR2  3  moderate  Yes  CG31286  FBgn0051286  PI16  2  low  No  CG34377  FBgn0263117  SAMD5  5  high  Yes  CG34377  FBgn0263117  SAMSN1  3  low  No  CG34377  FBgn0263117  SASH3  2  low  No  CG3502  FBgn0046253  LVRN  5  high  Yes  CG3502  FBgn0046253  TRHDE  4  moderate  No  CG3502  FBgn0046253  ANPEP  4  moderate  No  CG3502  FBgn0046253  ENPEP  3  low  No  CG3502  FBgn0046253  LNPEP  3  low  No  CG3502  FBgn0046253  ERAP1  3  low  No  CG3502  FBgn0046253  ERAP2  3  low  No  CG3502  FBgn0046253  NPEPPS  2  low  No  CG3603  FBgn0029648  HSD17B8  11  high  Yes  CG3603 FBgn0029648 CBR4 FBgn0031688 CYP3A7-CYP3A51P  2  low  No  Cyp4ac1  FBgn0031693  CYP4V2  4  moderate  Yes  Cyp4ac1  FBgn0031693  CYP4A11  3  low  No  Cyp4ac1  FBgn0031693  CYP4Z1  3  low  No  Cyp4ac1  FBgn0031693  CYP4B1  3  low  No  Cyp4ac1  FBgn0031693  CYP4F11  3  moderate  No  Cyp4ac1  FBgn0031693  CYP4X1  3  low  No  Cyp4ac1  FBgn0031693  CYP4F12  3  low  No  Cyp4ac1  FBgn0031693  CYP4A22  3  low  No  Cyp4ac1  FBgn0031693  CYP4F8  2  moderate  No  Cyp4ac1  FBgn0031693  CYP19A1  2  moderate  No  Cyp4ac1  FBgn0031693  CYP4F3  2  low  No  Cyp4ac1  FBgn0031693  CYP4F2  2  low  No  Cyp4ac1 FBgn0031693 CYP4F22 Tep1  FBgn0041183  C3  3  low  No  Tep1  FBgn0041183  C4B  3  moderate  No  Tep1  FBgn0041183  C4A  3  low  No  Tep1  FBgn0041183  A2ML1  2  low  No  Tep1  FBgn0041183  C5  2  low  No  Tim17b1  FBgn0037310  TIMM17B  7  moderate  Yes  Tim17b1  FBgn0037310  TIMM17A  7  moderate  Yes  Tom7  FBgn0033357  TOMM7  9  high  Yes  inaD  FBgn0001263  LNX2  3  high  Yes  inaD  FBgn0001263  LNX1  3  high  Yes  inaD  FBgn0001263  MPDZ  2  low  No  inaD  FBgn0001263  PATJ  2 
